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(54) Ultrasonic position measuring system 

(57) A receiver sensitive to ultrasound pulses measures the relative position of a transmitter at a test position by analysis of 
a recurrently updated transient signal wave pattern (I in Fig. 4) of a received ultrasound signal stored in a data memory. By 
sensing the arrival of the signal (II) a detector is conditioned to respond to a later polarity reversal (the fifth in Fig. 4) centred 
on a time window (III). The time of this reversal in relation to ultrasound pulse emission from the transmitter is the distance 
measure of the test position. The invention is suitable for measuring the position of the transmitter when this is in contact 
with a vibrating structural member, eg an aircraft frame. Two receivers may be spaced apart along a baseline for position 
location by a triangulation method. 
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ULTRASONIC POSITION MEASURING SYSTEM 



FIELD OF INVENTION 

This invention relates to a system of position measurement 
which operates by sensing ultrasonic signals. By sensing 
•position' the system has the means for sensing rate of 
change of position and so a state of vibration of a 
particular position. Thus the field of this invention 
extends to systems which can be used for test purposes, 
including the remote sensing of a vibrating surface. 
Indeed, the system to be described developed from research 
on a portable ultrasonic non-destructive-test inspection 
and data recording system for the mapping of defects in 
wing and frame structures as used in aircraft. The 
testing of aircraft structures by ultrasonic sensing poses 
special problems and this invention finds particular 
application to problems of this kind. 

BACKGROUND OF THE INVENTION 

When testing the behaviour of the frame structure or wings 
of an aircraft it is possible to use two ultrasound 
receivers placed a predetermined distance apart to form a 
base line from which the relative position of a free- 
moving NDT (non-destructive testing) ultrasonic probe is 
to be measured. An airborne ultrasound transmitter, 
meaning one sensitive to the speed of ultrasound 
vibrations in air, is mounted on the probe and this emits 
pulses at predetermined intervals. These pulses are 



detected by the receivers. Then, from the measured 
propagation delay, the range distances can be calculated 
and, from knowledge of the base line length, the position 
of the probe relative to the receivers can be determined. 
Preferably, such tests are made in still air, as within an 
aircraft hangar or laboratory, but this does not preclude 
use of the invention in an open environment, as for the 
testing of bridge structures, for example. 

This technique, as used hitherto, has suffered from 
external interference both from a lack of adequate signal 
to noise ratio and also from external, sources of 
ultrasound interfering with the frequency used. It is the 
object of the subject invention to overcome these 
weaknesses in a novel way, which has distinct advantages 
and which has proved itself under test conditions by 
providing reliable measurements with a 0.5 mm. resolution 
of distance measurement. • 



BRIEF DESCRIPTION OF THE INVENTION 

According to the invention, an ultrasonic position 
measuring system comprises an ultrasonic wave transmitter 
at a test position A in a test structure, a receiver 
sensitive to ultrasound at a position B and producing a 
transduced electrical signal representing the received 
ultrasound waveform, an electronic circuit including a 
pulse generator and data analysis means for sensing a 




3 

predetermined transition in the transduced signal and 
registering the time of that transition in relation to the 
generator pulse timing, the system being characterized in 
that the transition sensed by the data analysis means is 
5 that of a retarded fluctuation in the received ultrasound 
waveform following the sensing of the onset of the 
transduced electrical signal. 

According to a feature of the invention, in the ultrasonic 
10 position measuring system the ultrasound content of the 
transmitted signal is produced by a fixed frequency 
oscillator, the output from which is admitted in pulses to 
an acoustic transducer which generates the transmitted 
signal and the data analysis means responds to the 
15 fluctuations in the received ultrasound waveform by 

sensing a predetermined polarity reversal of the waveform 
following the onset triggered by sensing the arrival of. 
the received pulse. 

20 According to a further feature of the invention, the data 
analysis means are operative to register the occurrence of 
the transition for which the predetermined polarity 
reversal is the fifth transition through zero signal. 

25 According to another feature of the invention, the data 
analysis means are controlled by a systems clock and a 
counter which control the sampling of incoming signal^ciata 



at B at a sequence of time intervals related to distance 
from A and comprises a data store and comparator means for 
separately sensing the event when a signal arrives and the 
event when the signal undergoes the predetermined polarity 
reversal, the first event triggering the reversal count 
determining the selection of the reversal of the second 
event, the timing of the second event being registered in 
the memory of the data store and the timing data so 
registered providing the measure of distance indicated by 
the system. 

According to a further feature of the invention, the data 
analysis means comprise also a data averaging memory which 
registers a profile of the received signal waveform 
averaged by recycling memory data through a summing unit 
which combines a weighted measure of the recycled data 
with current input data, the means for sensing the event 
when a signal arrives and the event when the signal 
undergoes the predetermined polarity reversal being 
responsive to the signal represented by the data-averaged 
waveform profile as registered in the data averaging 
memory, whereby to afford a measure of AB based on an 
average generated from a muliplicity of recurrent pulses 
of ultrasonic transmissions. 



cording to a further feature of the invention, the data 
alysis means includes a buffer memory for temporary 
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storage of incoming signal waveform profile data provided 
by the currently incoming pulse , and the means for 
detecting the predetermined polarity reversal comprise a 
comparator means sensitive to control data from the data 
5 averaging memory which governs the determination of the 
predetermined polarity reversal in incoming data 
registered in the buffer memory. 

According to a still further feature of the invention, the 
10 data averaging memory includes two memory banks which are 
controlled so as to cooperate in responding alternately to 
incoming signal profile data and adjusting the averaged 
data stored in memory, data at successive addresses 
representing distance measurement being read from one 
15 memory bank and merged with data from the buffer memory 
before storage in the other memory bank, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 depicts a triangular ranging layout for testing the 
20 position of transmitter A by sensing signals at B and C. 

Fig, 2 shows a typical signal transient .sensed at B. 

Fig. 3 shows a schematic circuit used for the analysis of 

the signal transient depicted. in Fig- 2. 

Fig* 4 portrays characteristic features of the signal 
25 transient as utilized in a specific implementation of the 

invention . 



Fig. 5 shows a more detailed schematic circuit used for 
analysis of the signal transient in accordance with one 
aspect of the invention. 

Fig. 6 shows waveform versions of the transient signal to 
support the decription of the operation of the circuit in 
Fig. 5. " 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Fig. 1 an ultrasonic transmitter mounted on a 
probe at position A is deemed to 'emit pulses which are 
intercepted by two ultrasonic ' receivers , one at B and one 
at C, these being at fixed positions spaced apart by a 
distance D on a frame of reference. 

Thus B and C may be fixed in a rigid frame member of an 
aircraft, for example, and A might be that of a probe in 
contact with the surface of a pliable and vibrating part 
of the aircraft structure. 

By measuring the distances AB, AC in terms of the sound 
propagation intervals from A to B and A to c, assuming " 
that the speed of sound is known, the triangulation method 
of computing the position of A allows that position to be 
determined. BC is a fixed and known distance L. 

Given that the ultrasonic pulse emitted by the probe at A 
is a step pulse arising from the sudden switch-on of a 
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modulating signal oscillation at an ultrasonic frequency 
at time t = 0/ the delay T before the signal is sensed at 
B is a measure of AB. As shown in Fig. 2, the signal 
received at B will build up progressively as a transient 
5 oscillation, its waveform being a function of the distance 
AB and the phase condition of that modulating signal at 
the moment of switch-on. 

Now, in order to sense the arrival of that signal at B, 
10 the leading edge of the received signal waveform has to be 
detected by a threshold comparator of some kind. To 
maximize the amplitude of this edge, and so enhance the 
speed of detection and reduce uncertainty in measurement, 
the system bandwidth must be kept wide. This is in direct 
15 conflict with the need to maximize the signal to noise 
ratio. In addition, the particular nature of the signal 
excludes all normal filter techniques. 

For this reason the signal filter system shown in Fig. 3 
20 has been devised. It operates by virtue of the speed-of- 
light electronic communication between the probe 
excitation and the circuit of the sensing system, which 
allows virtually instantaneous timing of controls in 
relation to the speed-of -sound measurement. At the pulse 
25 start time t = 0 referenced in Fig. 2, the system clock 1 
is started. This controls the analogue to digital 
converter (ADC) 2 and the address counter 3. The 
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'address- is to be regarded as a measure of the distance 
from A reached by the emitted pulse waveform at any 
instant. Thus by using a multiplicity of address 
locations determined by the system clock timing, each 
location can be used to register' the strength of the 
signal waveform at the specific position determined by the 
clock timing. The reference is the pulse start time t = 0. 

This supposes that, in measuring AB, the signal filter 
shown in Fig. 3 is that associated with the ultrasonic 
receiver at B, just as a separate duplicate circuit would 
serve to measure AC. Alternatively, for certain 
applications, the same filter circuit could be used by 
multiplexing the two ranges and switching the circuit 
cyclically between the receivers at B and c. 

The incoming signal is sampled by the ADC 2 and converted 
to digital form at a rate well in excess of the minimum 
Nyguist rate to conserve waveform. The content of each 
location in digital memory 4 defined by the address 
registered in the address counter 3 is caused to be 
averaged over a repeated pulse cycle sequence. This 
involves the combination of the incoming digital data from 
the ADC 2 with weighted feedback data from the address 
location in memory 4. The progressive update of the 
address data involves combining the input and the feedback 
in the summing unit 5 and using that to update, at an 



address in the memory location, data in store to represent 
the newly generated average signal strength. This occurs 
for each address location corresponding to the pulse 
repetition period so that the resulting data in store is 
representative of the received signal strength over that 
period. This period includes the propagation time T and 
it is from the rise in strength or leading edge of this 
averaged signal profile that T is determined. 

In practice, the system as so far described, which 
includes the point by point averaging of the received 
signal waveform, performs a very effective time average of 
a time-stationary signal and improves the signal to noise 
ratio by a substantial factor closely dependent upon the 
weighting factor used in that address feedback feature. 

However, whereas what has been described operates very 
satisfactorily for stationary and very slow moving probe 
sources, it is unable to provide high resolution sensing 
of probes on surfaces that are in vibratory motion. The 
subject invention has the objective of satisfying this 
application to the tracking of rapidly changing range and 
so sensing position of a moving ultrasonic source. 

Fig. 4 shows a typical time average signal waveform such 
as is provided as output from the DAC 6 in Fig. 3. This 
waveform (denoted I) can be used as a measure of the 
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distance AB by taking the time to the detection of the 
leading edge (step in waveform denoted II) and applying an 
address correction based on the sampling of the non- 
averaged incoming signal waveform. The latter allows the 
dynamic state of the probe to govern the indicated 
measure, but the address correction is based on a sampling 
of the signal during a specific time slot or window (III) 
related to the position of the leading edge of the 
av.eraged signal waveform. 

As shown in Fig. 4, the window (III) is set around a 
crossover point of the time averaged signal waveform 
stored in the memory 4. The third rising crossover point 
has been found to be optimum for the intended purpose, 
which is to establish a time independent of signal 
amplitude. Assuming the polarity of the transient signal 
derived by transducing the ultrasound has the form shown, 
with the initial signal going negative, the third rising 
crossover point is used. This choice is found to have 
optimum advantages. it is much better defined, owing to 
its higher rate of change than that at the first crossover 
and therefore the instantaneous signal to noise ratio is 
better and a sharper definition of the transition can be 
established. Note that, ignoring polarity, this is the 
fifth crossover point following signal onset. 
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The window defines the range of address locations either 
side of the crossover point and the signal values stored 
in these locations, as identified by the number scale in 
Fig. 4, are summed either side of the address of the 
crossover point and compared to provide the regulation 
which adjusts the reference location address of the third 
rising crossover point in the averaged signal waveform. 
This is the function of the comparator circuit 7, as shown 
in Fig, 5. The use of this window avoids aliasing 
problems . 

The system in Fig. 5 is subject to the timing control of 
the system clock 1 and the address counter 3, which has an 
input to memory 8 and the memory 4 via the summing unit 9. 
The summing unit 5 in Fig, 5 discharges the same function 
as unit 5 in Fig. 1, combining weighting data by feedback 
with the new input from the. ADC 2. The summing unit 9 
operates in a similar way to weight the address correction 
data supplied by comparator 7 so as to average the data 
record concerning the the third crossover point in the 
rising section of the signal waveform. 

The incoming unaveraged signal which is converted by the 
ADC 2 in Fig. 5 is also examined in the window defined in 
Fig. 4 in the same way as a separate function of the 
comparator circuit 7 and a comparison is made in that 
circuit between a predetermined reference address value of 



the crossover point of the averaged signal waveform 
applicable to a stationary condition of the probe at A or 
slowly changing value of AB . It will be understood that, 
if the system senses a vibration of position, there will 
be an initial stationary condition which can be 
established as a basis for reference, then there will be 
an averaged location of the crossover point, which is 
effectively a measure of the transient position of A 
relative to B and, in addition, there will be the 
instantaneous input of a location address derived from the 
crossover point in the incoming unaveraged signal 
waveform. 



The address of the crossover point in the incoming signal 
from ADC 2 is compared with the address of the stationary 
signal crossover point in comparator 7 and, if the range 
AB has altered from the previous ranging cycle, an address 
correction is calculated. This correction is used to 
modify the address in the memory 4 at which the new 
average is stored. 

Until the crossover point is known, just after the third 
wave for detection of the third rising crossover point in 
the signal waveform shown in Fig. 4, the address 
correction to be applied is unknown. To overcome this the 
output from ADC 2 is stored in the buffer or temporary 
memory 8 with an unmodified address. when the crossover 



point is. determined in comparator 7 from the input signal 
from ADC 2, it is stored in the comparator but not acted 
upon until the next cycle. A similar problem exists when 
writing to the modified address in that, for changing 
range, new address data will overwrite data which are 
still required . To overcome this the main memory 4 in 
which the signal average is stored is divided into two 
banks of address locations used to record the computed 
average and these two banks are used alternately, by 
reading from one and writing to the other. 

To understand this, reference is now made to Fig. 6. Here 
there are three waveforms denoted I, II and III, 
respectively, and each is discussed in relation to an 
address position, denoted P, Q or R, respectively. 
Waveform I refers to the averaged signal stored in one 
bank of address locations in memory 4. Waveform II refers 
to the incoming signal from which an address correction is 
to be computed. Waveform III refers to the new average 
stored after correction in the other bank of address 
locations in memory 4 . 

Although the signal waveforms are depicted in analogue 
form, they are processed and stored in digital form, the 
reconstituted analogue waveform produced by the output 
converter DAC 6 (shown in Fig. 4) being synthesized by 
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reading successive memory addresses and feeding the 
contents through this digital to analogue converter. 

Referring again to Fig. 6, at a given clock time the 
5 signal amplitude data of waveform I at address P is 

averaged on a weighted basis with the corresponding data 
of waveform II at address Q and stored at Q in the 
alternate bank of memory 4 to produce a corrected data 
version as waveform III. 



10 



Note that if the corrected data were fed into the original 
memory bank the data at address Q would be destroyed 
before being used at the next clock time to generate the 
new averaged value for registration at the next address r. 

15 By interchanging the roles of the two alternate banks of 
memory as the signal data ripples through in updating the 
memory a representative averaged waveform is always 
available for the ongoing computation of the address of 
the selected crossover point, which affords a measure of 

20 the position of B in relation to the transmitter at A. 

In a typical circuit using the above principles, for each 
. address there is a sample of the waveform digitized to 8 
bits. To retain resolution in the average, 16 bits are 
25 used in two bytes. 
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The basic cycle which relates to the signal value at a 
single data point address location is then split into four 
phases, as follows: 

Phase 1, Read most significant byte (MSB) average from 
5 modified address (memory 4 ) and read last data 

entry from unmodified address (memory 8) . 
Phase 2, Read least significant byte (LSB) average from 

modified address (memory 4)* 
Phase 3. Write new MSB average in memory 4 at modified 
10 address, sample and convert new input via ADC 2. 

Phase 4. Write new LSB average in memory 4 at modified 

address and write new input at unmodified 

address (memory 8). 

15 Referring to Fig. 5, data from the address counter 3 and 
the address correction data from comparator 7 is also 
supplied to the latch circuit 10- This latch circuit is 
reset to start a cycle at the pulse repetition frequency. 
It also provides the range data measurement consisting of 

20 the adjusted address number corresponding to the position 
of the crossover point. Computation means (not shown) 
then operate from the range data of the two reception 
channels of the receivers at both B and C plus data input 
defining the system parameters, such as scaling factors 

25 and the distance L in Fig. 1, to compute and record or 
indicate the position measurement of A. 
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Multiplexing techniques, and the data computation 
techniques, as well as the design details of electronic 
components which function as individual components in the 
manner described by reference to the drawing are familiar 
to those skilled in the electronics and computing arts. 
However, the combination of the components for the purpose 
described in this specification is novel and the invention 
provides advantages in dynamic position measurement which 
can be most useful in the testing of structures subject to 
vibration and stress. 

In a test system using this invention the ultrasonic 
frequency is 70 kHz. The measurements of AB and AC are 
achieved by multiplexing. The four phases of the 
sequential address adjustments take 0.8 microseconds and 
the two ranges are multiplexed giving a sample rate of 1.6 
microseconds. 8 samples per ultrasonic cycle (Nyquist 
factor 2) are achieved." A weighting factor of 64 used for 
the address averaging process gives an 8 to 1 improvement 
in the effective signal to noise ratio. The update period 
or pulse repetition rate is limited by the maximum range 
required and by reflections from nearby surfaces. 
However, a practical pulse repetition frequency has been 
found to be that of a period of 7 milliseconds, which 
allows a tracking range rate of 150 mm per second. A 
resolution in position measurement of 0.5 mm is achieved. 
The tracking range rate of 150 mm per second arises, 
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allowing for some degradation, from the wavelength of 
ultrasound in air at speed of 330 m/s being 4.7 mm with a 
p U l se repetition rate of period 7 milliseconds. 
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CLAIMS 
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15 



20 



25 



An ultrasonic position measuring system comprising an 
ultrasonic wave transmitter at a test position A in a 
test structure, a receiver sensitive to ultrasound at 
a position B and producing a transduced electrical 
signal representing the received ultrasound waveform, 
an electronic circuit including a pulse generator and 
data analysis means for sensing a predetermined 
transition in the transduced signal and registering 
the time of that transition in relation to the 
generator pulse timing, characterized in that the 
transition sensed by the data analysis means is that 
of a retarded fluctuation in the received ultrasound 
waveform following the sensing of the onset of the 
transduced electrical signal. 

An ultrasonic position measuring system according to 
claim 1, wherein the ultrasound content of the 
transmitted signal is produced by a fixed frequency 
oscillator, the output from which is admitted in 
pulses to an acoustic transducer which generates the 
transmitted signal and wherein the data analysis 
means responds to the fluctuations in the received 
ultrasound waveform by sensing a predetermined 
polarity reversal of the waveform following the onset 



triggered by sensing the arrival of the received 
pulse. 

An ultrasonic position measuring system according to 
claim 2, wherein the data analysis means are 
operative to register the occurrence of the 
transition for which the predetermined polarity 
reversal is the fifth transition through zero signal. 

An ultrasonic position measuring system according to 
claim 2, wherein the data analysis means are 
controlled by a systems clock and a counter which 
control the sampling of incoming signal data at B at 
a sequence of time intervals related to distance from 
A and which comprise a data store and comparator 
means for separately sensing the event when a signal 
arrives and the event when the signal undergoes the 
predetermined polarity reversal, the first event 
triggering the reversal count determining the 
selection of the reversal of the second event, the 
timing of the second event being registered in the 
memory of the data store and the timing data so 
registered providing the measure of distance 
indicated by the system. 

An ultrasonic position measuring system according to 
claim 4, wherein the data analysis means comprise 
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also a data averaging memory which registers a 
profile of the received signal waveform averaged by 
recycling memory data through a summing unit which 
combines a weighted measure of the recycled data with 
current input data, the means for sensing the event 
when a signal arrives and the event when the signal 
undergoes the predetermined polarity reversal being 
responsive to the signal represented by the data- 
averaged waveform profile as registered in the data 
averaging memory, whereby to afford a measure of AB 
based on an average generated from a muliplicity of 
recurrent pulses of ultrasonic transmissions. 

An ultrasonic position measuring system according to 
claim 5, wherein the data analysis means includes a 
buffer memory for temporary storage of incoming 
signal waveform profile data provided by the 
currently incoming pulse, and the means for detecting 
the predetermined polarity reversal comprise a ' 
comparator means sensitive to control data from the 
data averaging memory which governs the determination 
of the predetermined polarity reversal in incoming 
data registered in the buffer memory. 

An ultrasonic position measuring system according to 
claim 6, wherein the data averaging memory includes 
two memory banks which are controlled so as to 



cooperate in responding alternately to incoming 
signal profile data and adjusting the averaged data 
stored in memory, data at successive addresses 
representing distance measurement being read from one 
memory bank and merged with data from the buffer 
memory before storage in the other memory bank. 

An ultrasonic position measuring system substantially 
as described herein with reference to Figures 1 to 6 
of the accompanying drawings. 
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